Radical cystectomy and lymphadenectomy is an accepted standard of care for muscle-invasive bladder cancer. Although the absolute limits of lymphadenectomy have not been standardized a growing body of evidence supports an improvement in nodal staging and survival from an extended lymphadenectomy. The benefit has been reported for both node negative and node positive patients. This review focuses on lymph node mapping, factors that influence total lymph node count and the optimal number of lymph nodes that should be removed at lymphadenectomy.
Introduction
Performing a pelvic lymphadenectomy at the time of radical cystectomy for invasive bladder cancer is considered important. Improved locoregional disease control and pathologic nodal staging are irrefutable benefits of pelvic lymphadenectomy, although, the survival benefit has not been uniformly accepted. Accumulating evidence is providing substantial support to the therapeutic benefit of lymphadenectomy in bladder cancer patients but the anatomic extent of lymph node dissection remains controversial.
The lack of consensus or standardization of lymphadenectomy is present in both the academic and community setting. A population based analysis of 1,698 patients who underwent a radical cystectomy in the United States reported that 40% of patients had no lymph nodes removed and the rest had a wide range of lymph nodes removed [Konety et al. 2003 ]. Even in the setting of a cooperative group clinical trial, that included many academic medical centers, 9% of patients had no lymph nodes removed, 37% had a limited lymph node dissection, and 54% had a standard lymph node dissection .
For the purpose of our review we will standardize the definition of different anatomic templates of lymphadenectomy described in the literature. A limited lymphadenectomy (LLN) includes removal of the external and obturator lymph nodes, standard lymphadenectomy (SLN) includes a LLN and removal of the internal iliac lymph nodes, and extended lymphadenectomy (ELN) includes a SLN and removal of the common iliac and presacral lymph nodes. Also a super-extended lymphadenectomy has been used and refers to an ELN and the removal of any additional lymph nodes above the aortic bifurcation.
The varying surgical approaches to lymphadenectomy are not just limited to the anatomic extent of dissection (quantity) but also the thoroughness (quality) of dissection as illustrated by widely differing node counts within a defined anatomic template. Single center experiences have reported median lymph node counts of 9 and 14 within a SLN [Herr et al. 2002; Poulsen et al. 1998 ]. Even when lymph node submission is packaged, median lymph node counts vary, as one group reported a median lymph node count of 12 (within the anatomic boundaries of a SLN in a group of patients who underwent an ELN) and another 26 within the same template Bochner et al. 2004] . The variation in lymph node count is not just restricted to the lower limits of pelvic lymphadenectomy but also ELN. Groups have reported median lymph node counts of 23, 25, and 39 when the dissection is confined to an ELN with packaged nodal submission Bochner et al. 2004; Poulsen et al. 1998 ].
Many factors can affect the total number of lymph nodes recovered at lymphadenectomy and may explain some of the differences among institutions. The anatomic extent of dissection, the manner by which lymph nodes are submitted for pathologic analysis and the techniques used by the pathologist to identify lymph nodes are measurable and have been studied. A less measurable factor thoroughness of dissection is also likely important but difficult to study.
Establishing standards for the extent of lymphadenectomy that affects prognosis has been done for gastric [Siewert et al.1998 ], breast [Mathiesen et al. 1990] , and colorectal cancer [Caplin et al. 1998 ] and are integrated in the UICC classification of these cancers [Sobin and Wittekind, 1997] . Efforts to establish similar standards in bladder cancer are underway and this review presents a historical perspective and current state of the science of the role of pelvic lymphadenectomy in bladder cancer.
Pelvic lymphadenectomy autopsy studies and historical perspective Colston and Leadbetter described cadaveric dissections of individuals with neoplastic growth in the bladder who had metastases to pelvic lymph nodes only and it was suggested that potentially curative surgical resection may have been possible [Colston and Leadbetter, 1936 ]. Jewett and Strong in another cadaveric study of 107 cases confirmed that lymph node involvement may be the sole site of metastasis in 3040% of patients with bladder cancer. The authors also reported the correlation between depth of bladder tumor penetration and the extent of lymph node involvement. The autopsy findings also formed the basis of the first widely accepted staging system for bladder cancer the JewettMarshall staging system [Jewett and Strong, 1946] . In 1950 Kerr and Colby first reported on two surviving node positive patients who underwent a pelvic lymphadenectomy at the time of radical cystectomy [Kerr and Colby, 1950] . These findings influenced the suggestion of routinely performing a pelvic lymphadenectomy and wide surgical resection of the bladder to reduce local relapse and improve survival. In the same year Leadbetter and Cooper presented the surgical boundaries and approach of an extended lymphadenectomy based on understanding of the lymphatic drainage of the bladder and prostate [Leadbetter and Cooper, 1950 ]. The anatomical boundaries described by these authors in 1950 are identical to the boundaries being followed for extended lymphadenectomy today.
Whitmore and Marshall reported lymph node metastases in 55 of 230 patients with bladder cancer and only two (4%) patients were longterm survivors [Whitmore and Marshall, 1962] . Two decades later Skinner reported his experience of extended lymphadenectomy and reported a much higher rate (30%) of survival of patients with lymph node metastases [Skinner, 1982] . A considerable amount of literature has accumulated since 1982 supporting the therapeutic benefit of lymphadenectomy in some patients with nodal metastases but there is a lack of consensus on what lymph nodes should be removed.
Lymphatic drainage of the bladder
In order to better understand the locoregional spread of bladder cancer, a clear understanding of the lymphatic drainage of the bladder and pelvis is necessary. Leadbetter and Cooper significantly contributed to the understanding of the lymphatic drainage of the bladder. The lymphatic drainage of the bladder was described as 6 distinct areas:
(1) The visceral lymphatic plexus within the bladder wall arising in the submucosa and extending into the muscular layer of the organ.
(2) The intercalated lymph nodes that are juxtavesical lymph nodes located within the perivesical fat arranged into anterior, lateral and posterior groups. (3) Pelvic collecting trunks that are medial lymph nodes to the external iliac and hypogastric lymph nodes. (4) Regional pelvic lymph nodes that include the external iliac, hypogastric and sacral lymph groups. (5) Lymphatic trunks leading from the regional pelvic lymph nodes. (6) Common iliac lymph nodes proposed to be the secondary echelon of metastases, intermediate between the pelvic and aortocaval lymph nodes [Leadbetter and Cooper, 1950] .
Mapping of regional lymph node metastases
The presence of lymph node metastases at the time of diagnosis of invasive bladder cancer is common. In a large cohort of 1,054 patients with urothelial carcinoma of the bladder, treated at a single institution, lymph node metastasis was identified in 246 patients (23%), most with extravesical tumor extension [Stein et al. 2001 ]. An analysis of 4,252 patients treated at multiple centers similarly reported that 943 patients (22%) had lymph node metastases at radical cystectomy [Bruins and Stein, 2008] .
Recognizing the complex nature of the lymphatic drainage of the bladder, lymphatic cross-over, lack of a sentinel lymph node and the possibility of skip metastasis results in an unpredictable distribution of lymph node metastases. Both retrospective and prospective anatomic maps of the distribution of lymph node metastases in bladder cancer patients have been described.
Whitmore and Smith were some of the earliest to report that the two most common sites of lymph node metastases were the obturator/hypogastric and external iliac lymph nodes, in 74 and 65% of lymph node positive patients respectively [Smith and Whitmore, 1981] . In 2004 several mapping studies of nodal metastases were published with the first being a retrospective study by Vazina and colleagues. Forty-three patients with lymph node metastases underwent at least an ELN and 22 patients had lymph node metastases at more than one site. Almost all of the patients who had organ-confined disease had lymph node metastases confined to the boundaries of a SLN, although, patients with non-organ confined disease commonly had disease outside of the boundaries (i.e. more proximal) of a SLN, including the common iliac and para-aortic lymph nodes. The authors stressed the importance of bilateral pelvic lymphadenectomy as well as reporting skip metastases in one patient (common iliac lymph node involvement without distal pelvic node involvement) [Vazina et al. 2004] .
A carefully detailed prospective lymph node mapping study was reported by Leissner et al. and included six institutions. The majority of patients underwent a super-extended lymphadenectomy and the lymph nodes were removed as 12 separate anatomic packets. A total of 599 lymph nodes involved by tumor were identified in 81 patients and 55% of the metastases were distributed within a SLN. The obturator lymph nodes were the most common site (26%) followed by the external iliac (16%) and deep obturator/ hypogastric (13.2%). The remaining lymph node metastases involved the common iliac (19%), presacral (8%), and lymph nodes above the aortic bifurcation (17%). Of the patients with lymph node metastases in any of the lymph nodes in a SLN, 57% also had involvement of the common iliac and 31% above the aortic bifurcation [Leissner et al. 2004 A substantial body of evidence exists to support a thorough bilateral pelvic lymphadenectomy to include the common iliac and presacral lymph nodes if the goal is to eradicate all nodal disease within the true pelvis.
Can patients with nodal disease be cured by pelvic lymphadenectomy? Several approaches have been used to quantify node positive disease and whether it correlates with survival. A useful means of stratifying node positive disease is the pN classification according to the tumor-node-metastasis (TNM) system, which distinguishes N1 (metastasis in a single lymph node, 2 cm in greatest dimension), N2 (metastasis in a single lymph node, 25 cm in greatest dimension; or multiple lymph nodes, none >5 cm in greatest dimension) and N3 (metastasis in a lymph node, >5 cm in greatest dimension) disease [Sobin and Wittekind, 1997] . In a series of 193 node positive patients the 5-year disease specific survival was 44.2% in N1 patients, 26.6% in N2 patients and no N3 patient survived beyond three years supporting that this staging system is useful for prognostication [Vieweg et al. 1999] .
Another approach used in determining the burden of lymph node involvement by tumor is counting the number of involved lymph nodes. Lerner et al. retrospectively reviewed 591 patients treated with curative pelvic lymphadenectomy with en bloc radical cystectomy and reported that six or more positive nodes increased the risk of disease progression and death from disease [Lerner et al. 1993 ]. Mills et al. similarly analyzed 83 node positive patients and assessed the impact of number of positive nodes, extracapsular extension, and size of nodal metastasis on recurrencefree and overall survival. On univariate analysis the 26 patients with a single positive node did not have better survival when compared with the 57 patients with <5 positive nodes (21 and 19 months respectively). On multivariate analysis less than 5 positive nodes, received adjuvant chemotherapy, and absence of extracapsular extension were associated with more prolonged survival [Mills et al. 2001 The largest reported node positive series to date is that of Stein et al. who described the outcome of 244 patients. The authors categorized the node positive patients into those with 8 (n ¼ 193, 79%) and >8 (n ¼ 51, 21%) nodes involved by tumor. Patients with 8 positive nodes had significantly higher 5-and 10-year recurrence-free survival of 41 and 40% respectively compared to 10% in those with >8 positive nodes. On both univariate and multivariate analysis the number of LNs involved (8 versus >8) proved to be statistically significant for recurrence-free and overall survival [Stein et al. 2003 ]. Steven and Poulsen also reported that patients with 5 nodes involved by tumor had a more favourable recurrence-free survival (50 versus 13%) when compared to patients with more than 6 positive nodes [Steven and Poulsen, 2007] . Therefore tumor burden defined as the number of lymph nodes involved by tumor is useful for prognostication.
Total number of lymph nodes removed
Contemporary studies suggest that a minimum number of lymph nodes needs to be removed at radical cystectomy to optimize oncologic outcome and accuracy of nodal staging. Each of the reported studies has been retrospective in study design and most have been single institution experiences. Leissner et al. reported that removing 16 lymph nodes at radical cystectomy was necessary to detect nodal metastases and was also associated with improved disease-free and cancer-specific survival [Leissner et al. 2000 ]. Similarly Herr et al. retrospectively studied 322 patients and confirmed an improved survival for not only patients with nodal metastases but also patients without nodal metastases when a minimum of nine lymph nodes were removed at radical cystectomy [Herr et al. 2002] . A population-based study using the SEER (Surveillance, Epidemiology and End Results program) data supported the findings of the single-institution studies. The removal of 1014 lymph nodes, regardless of primary tumor stage, resulted in improved oncologic outcomes. Importantly the study highlighted the lack of standardization of lymphadenectomy in bladder cancer patients as only 22% of 1,698 patients had 10 lymph nodes removed suggesting that many more patients may have benefited from a more thorough lymphadenectomy [Konety et al. 2003 ]. Another study similar in design also used the SEER registry but only evaluated the 1,260 patients with node positive disease. A multivariate analysis controlling for patient demographics, tumor characteristics and year of diagnosis confirmed the number of positive nodes and total number of lymph nodes removed were independent predictors of survival. An inverse association was reported between the total number of lymph nodes removed in node positive patients and risk of death when analyzed by quartiles. Removal of more than 10 lymph nodes was associated with improved survival [Wright et al. 2008 ].
The independent prognostic value of the number of lymph nodes removed at radical cystectomy was substantiated in a randomized cooperative group trial (Southwest Oncology Group, 8710) that reported improved survival in patients receiving neoadjuvant chemotherapy prior to radical cystectomy. A multivariate model adjusted for neoadjuvant chemotherapy, age, pathologic stage and node status showed that removing at least 10 lymph nodes was associated with increased survival (hazard ratio, 0.51; p ¼ 0.0001) .
A more recent study also supported the concept that removing more lymph nodes improves oncologic outcome but concluded that no minimum lymph node count could be established but rather it is a continuous variable (the probability of survival continued to rise as the number of lymph nodes removed increased). This conclusion was based on a regression model controlling for age, co-morbidity, and tumor stage [Koppie et al. 2006 ].
Collectively, these retrospective studies provide insight regarding the minimum number of lymph nodes that need to be removed to favorably affect survival. However the outcomes should be interpreted carefully as the number of lymph nodes removed at radical cystectomy is influenced by several factors including the extent of lymphadenectomy (quantity of surgery), how the lymph nodes are submitted by the surgeon for pathologic evaluation, the technique used by the pathologist to identify and analyze the lymph nodes, and the thoroughness of lymphadenectomy (quality of surgery). Related factors such as age and body mass index may also influence lymph node count, although the influence is probably limited and presently not well defined. Importantly a recent article confirms an increased awareness among surgeons treating bladder cancer patients that removing more lymph nodes affects oncologic outcomes. During the period 19882004 the SEER registry indicates the mean number of lymph nodes removed increased by 2.6 and the percentage of patients undergoing any form of lymph node dissection increased by an average of 19% [Hellenthal et al. 2009 ].
Poulsen et al. retrospectively reported the outcome data for 194 nonrandomized patients who had a standard (68 patients) or extended (126 patients) lymph node dissection. The median numbers of total lymph nodes removed were 14 and 25, respectively, supporting the influence of the limits of lymphadenectomy on lymph node count. The 5-year recurrence-free survival in organ confined bladder cancer was 64% in the standard and 85% in the extended lymphadenectomy groups. The authors also noted a decreased pelvic and distant metastasis rate (2 and 10%) in patients who underwent an extended dissection when compared with a limited dissection (7 and 21%) [Poulsen et al. 1998 ].
Another study similarly supported the extent or quantity of lymphadenectomy, defined by anatomic template of lymphadenectomy and not by node count, influences outcome. Dhar et al.
reported a retrospective comparative study between two institutions with a differing approach to lymphadenectomy. One group routinely performed a limited and the other an extended lymphadenectomy. Not unexpectedly the median number of retrieved lymph nodes was considerably higher in the extended group, 22, when compared to the limited group, 12. Despite the methodological flaws of a retrospective and nonrandomized study design the extended group had improved disease-free and cancer-specific survival and this was demonstrated in both node positive and node negative patients [Dhar et al. 2008] .
Besides anatomical extent of dissection, whether the lymph nodes are submitted as separate packets or en bloc influences total lymph node count. Bochner et al. prospectively reported that packaging lymph nodes increased the total lymph node count from 21 to 40 when compared to en bloc submission within the same anatomic template [Bochner et al. 2001] . Importantly another study noted that the manner of lymph node submission only influences total number of lymph nodes identified by the pathologist but not the percentage of patients with lymph node metastases [Stein et al. 2007 ].
The specific technique of lymph node identification and evaluation may influence total lymph node count but this concept has not been studied in detail in bladder cancer. In general the pathologist identifies lymph nodes by visualization and palpation under bright light. The more laborious and costly method of fat-clearing, immunohistochemistry or molecular techniques are not widely employed.
Lymph node density
Combining two prognostic variables known to influence survival total number of lymph nodes removed and the number of lymph nodes involved by tumor as one variable, Stein and colleagues and Herr simultaneously reported the concept of lymph node density [Herr, 2003; Stein et al. 2003 ]. Lymph node density is defined as the number of lymph nodes involved with tumor divided by the total number of lymph nodes removed. Stein et al. analyzed 244 patients with node positive disease and reported a lymph node density of less than 20% was associated with a better recurrence-free survival (5-and 10-year recurrence-free survival of 44 and 43%, respectively) when compared with a lymph node density of greater than 20% (5-and 10-year recurrence-free survival of 17%). On multivariate analysis pathologic T stage, number of positive lymph nodes, lymph node density and adjuvant chemotherapy were independently predictive of recurrence-free and overall survival [Stein et al. 2003 ]. Herr also reported the prognostic significance of a lymph node density of 20% [Herr, 2003] .
Kassouf et al. published an analysis of pooled data from two comprehensive cancer centers in the United States that included 248 patients with nodal metastases following radical cystectomy. On univariate analysis non organ-confined disease, higher pN stage, more than two positive lymph nodes, removing fewer than 12 lymph nodes, a lymph node density of greater than 20%, positive surgical margin, local recurrence, and not receiving adjuvant chemotherapy were associated with worse disease specific survival. However on multivariate analysis a lymph node density of >20% and not pN stage or number of lymph nodes involved by tumor was predictive of decreased disease specific survival and the authors concluded that lymph node density is superior to TNM nodal status in predicting disease specific survival for patients with lymph node positive disease after radical cystectomy [Kassouf et al. 2008 ].
Lymphadenectomy and locoregional disease control
Efforts to reduce local recurrence rates in bladder cancer are important as this is considered a lethal event. Herr and colleagues reported that removing more lymph nodes at radical cystectomy leads to improved local disease control in both node negative and node positive patients. Specifically it was suggested that removing more than 11 lymph nodes was necessary to reduce local recurrence rates [Herr et al. 2002 ]. An analysis of surgical variables that affected patient outcome in a cooperative group trial similarly reported an association between extent of lymphadenectomy and local recurrence rates. In this study removing fewer than 10 lymph nodes was associated with a higher risk of local disease relapse and even on multivariate analysis this remained an important predictive factor of local recurrence ]. The presented data support the notion that a more extensive lymph node dissection or ELN is more likely to remove metastatic nodal disease leading to improved locoregional disease control.
Is the benefit of lymphadenectomy a staging benefit or true survival benefit Since removing more lymph nodes at radical cystectomy is associated with a survival advantage in both node negative and node positive patients it is reasonable to suggest that an ELN may be associated with improved survival when compared with a more limited lymphadenectomy. However, one needs to question whether this survival advantage is due to more accurate nodal staging or a therapeutic benefit of the lymphadenectomy, or possibly both. It is possible that more accurate staging enriches the group of node positive patients with patients with low volume nodal disease and the node negative group with fewer patients with node positive disease thereby increasing the survival in both groups (Will Rogers phenomenon).
Although different explanations for the survival benefit of more extensive lymph node dissections (ELN) have been proposed there is no convincing evidence, to date, as to what contributes the most. Nevertheless there is enough evidence to suggest that an ELN is associated with improved survival.
Conclusion
Evidence accumulated from single institutions, cooperative group trials and population-based cancer registries support the need to routinely perform a lymphadenectomy at the time of radical cystectomy. Lymphadenectomy improves locoregional disease control, accuracy of pathologic nodal stage and survival. However, the number of lymph nodes that need to be removed or anatomic extent of lymphadenectomy that results in improved oncologic outcomes is not fully known. Current evidence supports routinely performing an extended lymphadenectomy for invasive bladder cancer but it is based on retrospective nonrandomized studies. Only a prospective surgical study can help clarify the true impact of lymphadenectomy and establish surgical standards. It is possible that a more thorough lymphadenectomy (super extended lymphadenectomy) may lead to better oncologic outcomes in node positive patients.
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